The goal of this study was to characterize Pasteurella multocida isolated from rabbits. Five hundred and fifty-three apparently healthy rabbits were sampled for this study. Nasal swabs were collected from each rabbit for P. multocida isolation and identification. Isolates were further characterized by capsular and somatic antigens and genomic DNA fingerprinting. Thirty-nine P. multocida isolates were recovered from 553 rabbits (7%). Capsular typing was done by depolymerization of P. multocida capsule by Staphylococcus aureus hyaluronidase and by disc diffusion with mucopolysaccharidase enzymes (heparinase III, chondroitinase AC, and hyaluronidase). Thirty-one (79%) of the isolates were capsular type A, and 8 isolates (21%) had untypable (UT) capsules. The gel-diffusion precipitin test was used to determine the somatic type of P. multocida isolates. Nineteen isolates were somatic serotype 3 (49%), 12 were serotype 1 (31%), 1 was serotype 2, 2 were serotype 5, 2 were serotype 12 with a weak reaction to antiserum raised against serotype 7 (5%), and 1 was serotype 4. Two of the isolates (5%) were UT. Restriction endonuclease analysis of the DNA of the isolates revealed 7 distinct profiles by digestion with HindIII, and 12 profiles were obtained with HpaII, whereas digestion with EcoRI did not differentiate between any of the P. multocida DNA isolates studied. The DNA restriction endonuclease enzyme HpaII was found more useful for differentiating between DNA fingerprints of P. multocida rabbit isolates. However, no correlation between capsular type, somatic serotypes, and DNA fingerprints was seen in this study.
Pasteurella multocida, a common pathogen in rabbits, is usually associated with upper respiratory disease. Rabbits can become infected with P. multocida immediately after birth, and the prevalence of P. multocida colonization increases with age until about 5 months. 17 Most adult rabbits are believed to be infected with P. multocida. 8 Clinical signs in rabbits may include rhinitis (snuffles) with purulent nasal discharge, pneumonia, otitis media, pyometra, orchitis, abscesses, oculoconjunctivitis, and septicemia. 11 Prevalence of P. multocida infection in rabbits housed under laboratory conditions or on breeding farms has been reported to be between 15.8% and 94%. 8, 9, 10, 12, 16 Accordingly, respiratory disease due to P. multocida has been identified as a major cause of financial loss to the rabbit industry. More than 50% of adult rabbits either die or are culled due to P. multocida infections. 18 Pasteurella multocida isolated from other domestic animals and wildlife has been characterized by capsular and somatic serotyping, 3, 13 by susceptibility to antimicrobial agents, 21 or by restriction endonuclease analysis (REA). 3, 24, 25 Rabbit P. multocida isolates have been reported as either capsular serotypes A or D. 5 From the Department of Veterinary Preventive Medicine, The Ohio State University, 1920 Coffey Road, Columbus, OH 43210. 1 Somatic serotype A:12 is apparently the most prevalent, with serotypes 1, 3, 4, and 11 occurring less frequently in rabbits. 5 More recent studies have indicated that serotype A:5 and untypable (UT) P. multocida isolates can also infect rabbits. 9, 18 However, there has been a lack of information with respect to genetic characterization of P. multocida isolated from rabbits. Characterization of P. multocida rabbit isolates could lead to a better understanding of the epidemiology of pasteurellosis in rabbits.
Current measures for controlling the occurrence of rabbit pasteurellosis primarily involve antibiotic treatment and culling of sick rabbits. However, antibiotic treatment of sick rabbits has been shown to alleviate clinical signs or delay the progression of the disease but does not eradicate this disease. Currently, there is no commercial vaccine available that is effective against rabbit pasteurellosis. In poultry, P. multocida killed bacterins induce protection against the homologous serotype but not against the other serotypes. 6 Serotyping alone does not always provide enough information to characterize the isolates or to elucidate the transmission dynamics of rabbit pasteurellosis. Hence, it is necessary to characterize P. multocida isolates further to develop more effective disease prevention and control strategies against rabbit pasteurellosis.
Deoxyribonucleic acid fingerprinting, also referred to as REA, has been used to document the involvement of multiple P. multocida strains in a single outbreak of pasteurellosis in turkeys. 1 These molecular techniques can thus be very useful in elucidating the epidemiology of pasteurellosis in rabbits as well.
The goal of this study was to characterize multiple P. multocida isolates from rabbits to determine their similarities or differences (or both). The information gained from this study will help elucidate the genetic variability of the isolates from Ohio and ultimately aid in understanding the epidemiology of this disease in rabbits.
Materials and methods
Animals sampled. Five hundred and fifty-three apparently healthy, meat-producing adult rabbits of both sexes from 27 different breeder sources in Ohio were used in this study.
Bacterial isolation and identification. The external nares of rabbits were swabbed using sterile cotton-tipped nasal swabs. a These swabs were then inoculated onto 5% sheep blood agar b plates, which were incubated aerobically at 37 C for 18-24 hr. Presumptive P. multocida isolates were further evaluated by phenotyping, 14 Capsular type determination. Two methods were used to determine capsular types. One method was the depolymerization of P. multocida isolates by Staphylococcus aureus hyaluronidase 4 to determine whether the isolates belonged to capsular type A. In brief, each P. multocida isolate was streaked transversely onto a 5% sheep blood agar plate, and a hyaluronidase-producing strain of S. aureus was streaked at a right angle to this streak. The plates were incubated at 37 C in air for 18-24 hr. A reduction in the colony size of P. multocida at the periphery of the S. aureus growth indicated a hyaluronic acid capsule, i.e., capsular type A. Pasteurella multocida capsular type A (hyaluronic acid capsule) isolate was used as a positive control.
Second, a disc-diffusion method with mucopolysaccharidase enzymes (heparinase III, chondroitinase AC, and hyaluronidase d ) was conducted on each P. multocida isolates to confirm potential capsular type A and to identify potential capsular types D and F. 19 In brief, each P. multocida isolate was streaked onto a dextrose starch agar (DSA) c plate, and sterile filter paper discs were placed onto the streaked area. Twenty microliters of the test enzymes was added to each disc. The plates were incubated aerobically at 37 C for 18-24 hr. A reduction in colony size around the disc area indicated that the enzyme effectively decapsulated the isolate. Capsular type was determined by the reaction of the different mucopolysaccharidases against the particular isolate. Known P. multocida serotype A, D, and F isolates were used as positive controls.
Somatic serotype determination. A gel-diffusion precipitin test (GDPT) 13 was used to determine the somatic serotype of each P. multocida isolate. In brief, each P. multocida isolate, along with the 16 P. multocida used as control pos-itives, e was grown on DSA for 18 hr at 37 C in air. The growth was harvested with 1.5 ml of 0.6% formalized normal saline (0.9% NaCl), autoclaved for 1 hr, and centrifuged at 13,000 rpm for 20 min in a refrigerated centrifuge. f The supernatants were stored at 4 C and used as the somatic antigens in the GDPT. Five milliliters of 8.5% NaCl containing 0.9% Noble agar c was spread on plain glass slides (25 ϫ 75 mm). a Four 4-mm-diameter wells were cutout into a circular pattern. Fifteen microliters of the specific P. multocida antiserum e was added to the central well. The surrounding wells received 15 l of the antigen prepared from each P. multocida isolate and the positive control standard antigen for that specific antiserum. The slides were incubated at 37 C in a moist humid chamber, and readings were taken at 24 and 48 hr. The slides were then kept at 4 C in the humid chamber, and readings were taken daily for a week.
Preparation of whole-cell DNA. Whole-cell DNA was prepared and purified by the hexadecyltrimethylammonium bromide (CTAB) method. 23, 25 In brief, 1 colony from 18-hr culture growth on sheep blood agar was transferred to 5 ml of brain-heart infusion broth. The broth was incubated overnight on a shaker at 80 rotations/min at 37 C. The cells were sedimented and resuspended in trizma hydrochloride d and ethylenediaminetetraacetic acid d (TE) buffer (pH 8) and lysed with 10% sodium dodecyl sulfate. d Proteins were digested with proteinase K g and precipitated with CTAB. d Deoxyribonucleic acid was purified with buffered saturated phenol, chloroform, d and isosmyl alcohol d and precipitated with isopropyl alcohol. d Two to 3 washes were carried out with ethanol, d and the DNA was resuspended in TE buffer with ribonuclease. d The DNA was stored at 4 C.
Restriction endonuclease digestion of DNA. The DNA restriction endonuclease (RE) enzymes EcoRI, HindIII, and HpaII h were used to digest DNA. After DNA digestion, 22 the samples were electrophoresed using 0.6% agarose in TE buffer (pH 8) in a supersub horizontal slab electrophoresis unit, i for 16-18 hr at 25 V. The gel was stained for 45 min with 1 g/ml ethidium bromide d and viewed with a shortwave ultraviolet light Transilluminator j and photographed with a MP4 Polaroid camera. k
Results
Bacterial isolation and identification. Thirty-nine of 553 rabbits (7%) surveyed in this study were positive for P. multocida from their nasal cavities.
Capsular type determination. Thirty-one (79%) of the isolates were capsular type A. The remaining 8 (21%) isolates possessed capsule types that could not be determined by the methods used in this study and were designated as UT (Table 1) .
Somatic serotype determination. Nineteen of the 39 isolates were somatic serotype 3 (49%) and 12 were of serotype 1 (31%). Two isolates belonged to serotype 2, 2 belonged to serotype 5, and 2 belonged to serotype 12 with a weak reaction to antiserum raised against serotype 7 (5%). One isolate was of serotype 4. Two of the isolates (5%) possessed somatic antigens that could not be typed and were designated as UT (Table  1) .
Deoxyribonucleic acid fingerprints. Seven distinct profiles were obtained by digestion of the DNA with HindIII (H1-H8) ( Table 1 ; Fig. 1 ), and 12 distinct profiles were obtained by digestion of the DNA isolates with HpaII (HP1-HP12) ( Table 2 ; Fig. 2 ). However, 2 of the DNA isolates (H1 pattern types) did not digest with HpaII. The EcoRI RE enzyme did not differentiate between the P. multocida isolates on the basis of genotype. A genotyping number of REA patterns was designated for each REA enzyme.
Discussion
In this study, the prevalence of P. multocida isolated from the nares of apparently healthy rabbits was 7%. This prevalence of P. multocida in adult, slaughter-age rabbits was not consistent with previous reports, indicating that rabbits in breeding colonies were heavily infected with P. multocida. 10, 15 In this study, the prevalence of P. multocida infection was low when compared with previous reports, which demonstrated that the prevalence of P. multocida in the nares of apparently healthy rabbits, without signs of upper respiratory tract infection, ranged from 15.8% to 94%. 10, 15, 16 In 1 study, 16 P. multocida was isolated from 42 of 135 (31%) nasal swabs from clinically healthy commercial rabbits. Another study 15 from both research facilities and commercial rabbitries revealed a 15.8% prevalence of P. multocida from nasal cavities from healthy rabbits. In a closed university research facilities study, 15 the initial prevalence of P. multocida in rabbits, housed for various periods, was 27.3%. At 4-6 months, the prevalence increased to 56.5%. The highest percentage rate occurred between 10 and 12 months of housing, reaching 100%. The low prevalence in this P. multocida study may be due to the differences in geographic locations, environmental condition, or sources of rabbit colonies.
Capsular typing procedures revealed that 31 of 39 P. multocida isolates (79%) were capsular type A, with the remainder 8 (21%) being UT. The finding of this study is in general agreement with other researchers, who report that P. multocida capsular type A is the most common, 21 followed by capsular type D. 5 One study 5 performed on 79 rabbit P. multocida isolates revealed that 74 (94%) were capsular type A, whereas 5 isolates (6%) were capsular type D. Another study 16 of 42 P. multocida rabbit isolates showed serotype A as the predominant isolate (67%), whereas 2% were serotype D. That study also reported a high percentage (29%) of UT P. multocida isolates.
In this study, most isolates were somatic serotypes 1 and 3 (31% and 49%, respectively). Two isolates belonged to somatic serotypes 2, 5, and 12 with a weak reaction to antiserum raised against serotype 7. One isolate each belonged to serotype 4. In comparison, some investigators 5, 15 reported P. multocida somatic serotype 12 as the most common in rabbits, with serotypes 1, 3, 4, 5, and 11 seen less frequently. 20 In 1 study, 5 somatic serotype 12 alone was the major so-matic type, 27% of rabbit P. multocida isolates. However, in the same study, serotype-12 cross-reactions were obtained in the gel-diffusion test with a number of isolates of serotypes 2, 4, 5, 7, and 15. Collectively, the cross-reactions with somatic serotype 12 constituted 84% of the isolates. In this study, only 2 isolates were somatic type 12 with a weak cross-reaction with serotype 7. Another study 20 also reported serotype 12 as the predominant P. multocida isolate from rabbits (87 of 132) or 66%, whereas serotype 3 represented 22% and serotypes 3 and 12 represented 13%. It is difficult to expostulate the most common somatic serotypes of P. multocida isolates in rabbits in general. More extensive study needs to be undertaken. To date, studies have been limited from the standpoint of geographical distribution, as this study, or by the limited number of P. multocida isolates identified, or both. Pasteurella multocida serotypes 1 and 3 are more prevalent in poultry populations. 18 However, because of lack of information about the origin of these rabbits, it is not possible to expostulate whether these rabbits had direct contact with poultry or wild birds (or both).
Restriction endonuclease analysis using the enzyme HpaII appears superior in differentiation of rabbit P. multocida isolates compared with HindIII and EcoRI. HpaII produced 12 distinct DNA fingerprint profiles; HindIII produced 7 profiles, whereas digestion with EcoRI did not discriminate between the P. multocida isolates. The superiority of HpaII in differentiation of P. multocida isolates is in agreement with other studies. 2, 7, 24 In 1 study 24 of 19 raptor isolates of P. multocida serotype 1, Hpa1 profiles of all 19 serotype-1 isolates were identical to each other and to the Hpa1 profile of the reference somatic type 1, strain X-73. When the 19 raptor P. multocida isolates were further differentiated by digestion of DNA with HpaII, 4 distinct DNA fingerprint profiles were obtained. In another study, 7 a collection of 45 strains of P. multocida isolated from poultry, RE enzymes, EcoRI, HindIII, BgIII, BamHI, and PstI gave patterns that were not useful in differentiating subgroups. However, the RE enzyme HpaII yielded clear patterns that allowed the P. multocida to be placed into 10 fingerprint patterns. In this study, no correlation was drawn between capsular, somatic types, and DNA fingerprint patterns. In this study, 1 isolate belonged to somatic serotype 4 and had a unique DNA fingerprint profile with HpaII RE enzyme.
In this study, the prevalence of P. multocida from apparently healthy rabbits was 7.0%. Seventy-nine percentage of the isolates belonged to capsular type A, and the rest were UT. The predominant somatic serotypes were 3 and 1. The DNA RE enzyme HpaII was found to be best in differentiating between DNA fingerprints among P. multocida isolates, as reported by others. However, there was no correlation between DNA fingerprint patterns, capsular and/or somatic serotypes. More studies are required to determine transmission, serotype, and genotype characteristics of both pathogenic and nonpathogenic strains. This information is important because it may lead to more effective steps in control of rabbit pasteurellosis.
